INTRODUCTION
Jellyfish (here Cnidaria and Ctenophora) have received increasing attention in the last 2 decades, as their blooms sometimes occur in conflict with human maritime activities (Purcell 2012) . The debate over whether jellyfish blooms have actually increased in magnitude and frequency (Richardson et al. 2009 , Brotz et al. 2012 or simply that reporting has improved (Condon et al. 2013 ) is ongoing, but dramatic fluctuations in jellyfish biomass are known from high latitude systems (Eriksen et al. 2012) . Knowledge gaps in basic jellyfish ecology, diversity and bloom dynamics along the northern Norwegian coast and in the Barents Sea, however, prevent effective monitortowards the year 2050, particularly in northern regions (DKNVS/NTVA 2012) . Open net-pen aquaculture is the most common production technique. It provides a semi-natural environment, where the fish are confined, but in direct contact with parasites, organic waste and disease agents present in the water. Negative interactions between gelatinous zooplankton blooms and net-based fish aquaculture have been reported from Scandinavia, the British Isles and France (e.g. Hellberg et al. 2003 . Along the coast of Norway, only a few reports focus on the role of jellyfish in farmed fish mortality, but some incidents have been documented. Species implicated include the hydrozoans Apolemia uvaria (Båmstedt et al. 1998 , Fosså 1998 , Fosså & Asplin 2002 and Muggiaea atlantica (Fosså et al. 2003 , Hellberg et al. 2003 , the scyphozoan Aurelia aurita (Emelianov 2001 , Hosteland 2016 ) and the ctenophores Bolinopsis infundibulum (Båmstedt et al. 1998) and Mnemiopsis leidyi (Oppegård 2008) . For example, the colony-forming Apolemia uvaria caused high fish mortalities in several Norwegian counties in the late 1990s and early 2000s , including Finnmark (S. S. L. Olsen pers. comm.). The problems induced by jellyfish include both direct and indirect health effects on the fish. The most obvious effect is stinging of the fish skin and gills by the cnidocytes of medusae, both from species/individuals small enough to pass through the mesh of the cages and from amputated pieces of large jellyfish (Baxter et al. 2011 , Lucas et al. 2014 , Mianzan et al. 2014 . Wounds from jellyfish stings may subsequently be infected by bacterial pathogens, such as Tenacibaculum maritimum (MarcosLópez et al. 2016) . Although the pathogenesis and natural origin of these bacteria are obscure, it is clear that some jellyfish carry them and may thus be vectors of fish disease (Delannoy et al. 2011) . Problems also arise when the jellyfish themselves are not harmful, but their enormous densities clog the mesh of the pens and the gills of the fish, preventing oxygenation and water exchange between the cage and the surrounding water and leading to hypoxia and suffocation of the fish (Nilsen 2011 , Lucas et al. 2014 ). This has been reported for the ctenophore B. infundibulum (Båmstedt et al. 1998) . Punctual hemorrhages on the gills have been observed in conjunction with blooms of M. leidyi (Oppegård 2008) , and anecdotal observations from fish farmers indicate that blooms of Beroe spp. in Finnmark cause stress behavior in farmed salmon (A. L. J. Hosia pers. comm.). Known behavioral reactions in penned fish include respiratory and osmoregulatory stress, loss of ap petite, lethargy and/or increased jumping frequency, and lead to reduced biomass and/or increased mortality (Lucas et al. 2014) , followed by economic impacts through the loss of harvest, reduced sales and profits from low quality fish and increasing mitigation costs (Tiller et al. 2015 ). Other problems not related to fish health are escapes of farm fish, after the weight of the jellyfish pull down the pen netting (Emelianov 2011) , with subsequent risks for the wild fish populations (e.g. McGinnity et al. 2003) , as well as clogged fishing nets (e.g. Kvile 2015) .
Here, we present the first study of the jellyfish community in the arctic Norwegian Ryggefjord (Finn mark County), where salmon aquaculture facilities have operated since 1999. The investigations were motivated by unpublished reports of intense blooms of hydromedusae in recent years, sometimes concurrent with severe damage to farmed fish. We present data on the distribution and species composition of the jellyfish community in July 2015 in relation to the location of the fish pens, together with measurements of hydrography and oceanographic modeling outputs, and additional observations from an intense hydrozoan bloom in September.
MATERIALS AND METHODS

Study area
Our investigations were carried out in Ryggefjord, northern Norway (70°52' to 70°57' N, 24°53' to 25°05' E), a fjord that stretches 10 km inland from north to south at the northern coast of Finnmark County. The fjord has no sill at its entrance, but a shallow area marks the transition from the continental shelf to Ryggefjord and adjacent fjords, in contrast to deeper basins connecting the open Barents Sea with the larger Porsanger-and Laksefjord in the east (Fig. 1a) . The deepest part of the fjord (242 m) is located close to the mouth, allowing free water exchange between the fjord and the shelf area. In the inner region, the fjord divides into 2 arms: Vesterbotn pointing to the southwest, and Austerbotn to the south east, with a shallow area between them (approximately 10 m deep; Fig. 1b) . Two fish pens are located at the western side of the fjord (Skinnstakkvika), approximately 200 m above the seafloor, which consists of rock and silt.
The unstructured grid 3-dimensional model FVCOM (Finite Volume Community Ocean Model; Chen et al. 2003 ) was used to simulate the coastal circulation in the study area. The model domain covered the entire Finnmark County with a horizontal resolution ranging from 50 m in the fjords and near-coastal areas to about 800 m in the open ocean. The model had a total of 31 vertical layers with increasing resolution towards the surface. FVCOM was nested into the coastal model NorKyst-800 (Albretsen et al. 2011) , which provided surface elevation, currents and water temperature/salinity at the open boundaries. Initial field values were also taken from NorKyst-800. River runoff data were based on model results from the Norwegian Water Resources and Energy Directorate (Beldring et al. 2003) . A total of 3067 river discharge points were included in the FVCOM model setup. Atmospheric forcing fields with 2 km resolution were provided by the Integrated Community Limited Area Modeling System (ICLAMS; Solomos et al. 2011) . The model ran for 21 mo from January 2013 through September 2014.
Sampling
Plankton sampling and jellyfish observations were carried out by boat between 28 and 31 July 2015. Plankton nets with 500 µm mesh size equipped with a non-filtering cod-end were deployed to collect gelatinous zooplankton (WP-2 nets, KC Denmark AS, opening diameter 57 cm). Eight stations were sampled (Fig. 1b) , covering the whole fjord. Oblique tows were taken from different depths to the surface, depending on the bottom depth (Table  1) . Temperature and salinity data were collected from the same depth strata with a Seabird SBE9/11+ CTD (Stns 2−8). In addition, 8 horizontal tows were taken at a standard speed of 0.7−0. Fig. 1b; A−H). As larger specimens (> 50 mm) of jellyfish cannot be sampled effectively with plankton ring-nets, visual observations of the surface layer were conducted from a small boat ( Fig. 1b ; areas 1−4). Replicated abundance estimates were re corded within a standard area, where the surface waters were observed within 2 m to both sides of the boat and down to ≤2 m depth for 1 and 6 min, at a speed of 0.7−0.8 knots, which results in an observation volume of approximately 90 and 550 m 3 , respectively. Tissue material of hydrozoanid polyps was scraped off at a submersed buoy in the inner fish pen (white star in Fig. 1b ) and preserved in ethanol for subsequent molecular identification. Due to their small size, individual numbers were indeterminable. In late September, an intensive hydrozoan bloom was observed, discoloring the surface waters. An additional surface sample was taken from the aquaculture platform with a bucket on the 21st of the month. Photos of the hydrozoans were taken to help identify the species causing the bloom. 
Species identification
Both morphological identification and DNA sequencing of selected individuals were applied. Collected specimens were gently sorted, identified and counted immediately after sampling. Individuals of each taxon were photographed alive in a glass aquarium and examined under a stereomicroscope (Leica, 16−40× magnification). Individuals were identified, mostly to genus level (e.g. Kramp 1959 , Mills & Haddock 2007 , and counted. Photographed specimens were fixed in 99% ethanol and later transferred to 70% ethanol for molecular identification, except for the hydrozoans collected in September, which were identified from photos only (see Fig. 5b−d) .
DNA was extracted from tissue of 30 morphologically distinct specimens (3−5 per habitus) and 2 samples of polyp tissues scraped off a buoy with a modified Chelex rapid-boiling procedure as de scribed in Majaneva (2014) . The amplifications were performed on a SimpliAmp™ Thermal Cycler with universal eukaryotic primers for the internal transcribed spacer 1 (ITS1) for ctenophores (Majaneva 2014) and for the 16S rRNA gene for hydrozoans (Schuchert 2005) . PCR products were purified using the illustra GFX PCR DNA and Gel Band Purification Kit (GE Healthcare) according to the manufacturer's instructions. Cycle sequencing of the PCR products (both directions) was carried out by Macrogen Sequencing Service (South Korea). The resulting nucleotide sequence electropherograms were checked for poor base calls by eye and sequence quality using Chromas Lite 2.1 (Technelysium). Good-quality sequences were assembled using BioEdit software (Hall 1999 ) and blasted in BLASTN 2.6.0 (Altschul et al. 1997) for comparison with existing sequences in the NCBI GenBank database (https:// blast. ncbi. nlm. nih. gov/). The sequences reported here have been deposited in the European Nucleotide Archive (ENA) (see Table 3 ).
Data analysis
Densities and species composition of the jellyfish community sampled in the vertical net tows were compared in Primer 7. The data were square root transformed and analyzed with a PRIMER CAP (canonical analysis of principal coordinates) that consists of a principal coordinate analysis (PCO), followed by generalized discriminant analysis (GDA) based on Bray-Curtis dissimilarity (Anderson & Robinson 2003 , Anderson & Willis 2003 . We tested whether the sampling stations (1−8) showed significant grouping using 4 location parameters within the fjord (inner, middle, outer fjord and fish pen, Fig. 1b ) with bottom depth, sampling depth and wind direction (Table 1) 
RESULTS
The hydrographic conditions were homogeneous throughout the fjord, with a slightly warmer and fresher surface layer down to about 10 m depth with temperatures between 8 and 9°C and deep waters >100 m at around 6.8°C (Fig. 2) . Station 8 within the fish pen was warmest in the upper 10 m with a maximum temperature of 10.1°C recorded at the surface on 31 July at midday. Salinities ranged from 33.0 at the surface to 34.7 at 130 m depth. Results from FVCOM modeling for the year 2013 show that current directions within the fjord are variable in July, and that advection events usually bring in waters on the western side of the fjord (Fig. 3a,b) , while the outflow occurs mainly on the eastern side (not shown). Surface temperatures in the fjord increased from < 9°C in July to >10°C in September (Fig. 3c,d) .
A total of 5766 specimens from 18 taxonomic categories were recorded and identified to species, genus, or in some cases, family level (Table 2 ). Small (< 5 mm) Beroe spp., present at all sampling locations, were the most abundant and reached densities of up to 4.25 and 65.6 ind. m −3 in vertical and horizontal net tows, respectively, followed by ctenophore larvae in the cydippid stage and Euphysa spp. (Fig. 4a,b) . Beroe spp.
constituted 86% of all individuals in vertical net tows, while Euphysa spp. and Obelia spp. constituted 3% and 1%, respectively. Unidentified cydippid larvae, which may include larvae of lobate and/or cydippid ctenophores, made up to 6% of the community. Larger individuals (> 50 mm) included the scyphomedusae Aurelia aurita and Cyanea capillata, the hydrozoan Staurostoma mertensii and large specimens of the ctenophores Beroe cucumis and Bolinopsis infundibulum, which could be identified to species. These were observed both during visual surveys (Fig. 4c) and as tissue pieces present in the net samples. Other medusae, such as Aglantha digitale, Clytia spp., cf. Plotocnide borealis and Rathkea octopunctata, were present, but in smaller numbers (Table 2) . We also observed a few individuals of an unidentified cydippid with a habitus similar to that of Haeckelia beehleri, but could not confirm this molecularly. The hydrozoan Dipleurosoma typicum was not recorded in July, but formed a dense bloom in the inner fjord 2 mo later ( Fig. 5a−d) , accompanied by high fish mortalities in the local pens (S. S. L. Olsen pers. comm., S. B. Småge et al. pers. comm). Large numbers of benthic stages of different cnidarians, including scyphistomatid and campanularid hy droids, were observed on the submerged structures of the fish farm (Fig. 5e) .
Additional DNA analyses allowed a more detailed assessment of the pelagic species composition. A BLASTN search of the obtained nucleotide sequences in the NCBI GenBank database (26 December 2016) revealed the following species identifications. For the hydrozoans, nucleotide sequences showed 100% match with the 16S rRNA gene sequence of Euphysa tentaculata (EU876537 with 0−1 bp difference) for 2 individuals that had been morphologically identified as Euphysa cf. aurata (Tables 2 & 3) . Four individuals of Obelia spp. all showed 99% match with Obelia geniculata (KX665358.1 with 2−3 bp difference), while of 3 morphologically identified Clytia specimens, one corresponded to Clytia gracilis (KX665334.1 with 9 bp difference) and 2 to Clytia hemisphaerica (KX665291.1 with 3 bp difference). Eight Beroe individuals had a 99% match with Ctenophora sp. H1 (HF912431.1 with 1−2 bp difference, 74% query coverage; Majaneva & Majaneva 2013 ) and 93% match with Beroe cucumis (AF293695.1, 49 bp difference with 14 gaps, 96% query coverage). Three unidentified cydip pid larvae with no close matches (≤92%) were also recorded (Table 3 ). An indeterminable number of hydrozoanid polyps collected from the buoy (star in Fig. 1b) showed a 100% match with O. longissima (KX665302.1) and a 99% match with O. geniculata Beroe spp. were common at all stations, but abundances showed a bimodal distribution with high abundances in both the inner and outer fjord, whereas fewer individuals were recorded at stations 2 and 3 (Fig. 4a) . Small Beroe spp. were also abundant at Stn G (northeast of the inner fish pen) and larger individuals, similarly to Aurelia aurita, were abundant in visual surveys in area 2 near the inner fish pen (Fig. 4b,c) . Euphysa spp. showed the opposite pattern, with the highest numbers in the middle of the fjord (Fig. 4a) . Bolinopsis infundibulum, together with Aglantha digitale and Obelia spp., were more common in the outer parts of the fjord, while the cydippid larvae populated the middle parts. The PCO and CAP largely confirmed the patterns observed and showed the clustering of replicate vertical net tows grouped by sampling location, with 4 taxa causing the differences: Bolinopsis infundibulum, Clytia spp., Euphysa spp. and cydippid larvae (Fig. 6 ). There were significant differences between 4 groups of sampling locations (stations located in the outer, middle and inner fjord and within the fish pen) and between 2 groups of stations sampled during differing prevailing wind conditions. Neither bottom nor sampling depths had significant effects on jellyfish abundance, and the CAP analyses had very high misclassification errors due to low numbers of samples in each group (Table 4) . 
DISCUSSION
The jellyfish community in July 2015 included both ctenophores and several cnidarian species, but exhibited a clear numerical dominance of small (< 5 mm) Beroe spp. Blooms of Beroe spp. are common in northern Norwegian fjords: large volumes of Beroe spp. have been recorded in Malangen (Troms County), where the ctenophore population was followed throughout the seasonal cycle (Falkenhaug 1996) . Both small Beroe spp. (vertical net samples) and large ones (visual observations) were abundant inside and around the fish pens, but did not seem to interfere with the fish. Beroe cucumis was one of the Beroe species observed, but at least one more species was present based on the molecular results, as the larvae did not match B. cucumis sequences. Cydippid-like larvae were also common and were most abundant inside the fjord in the horizontal tows (Fig.  4b) , potentially reflecting a local reproduction event of another ctenophore. Since the Beroidae are the only ctenophore family without cydippid-like larvae, other species must have produced these. Bolinopsis infundibulum is a potential candidate, but the adult specimens at the mouth of the fjord were not colocated with the larvae in the inner fjord during the time of sampling. Some of the unidentified cydippids had a habitus resembling that of Haeckelia beehleri, but it is unlikely that this species was present in Ryggefjord, since it is a subtropical species in the central Atlantic and east Pacific (Haddock & Case 1995) , and has not been observed this far north.
Although the hydrography was homogeneous through out the fjord, the jellyfish distribution was not uniform. Different taxa had peak abundances at different locations within the fjord: small Beroe spp. had a wide distribution pattern at both inner and outer stations, but lower abundance in the middle of the fjord (Stns 2 and 3), while Euphysa spp. exceeded Beroe spp. abundances at these stations. The cydippid-like larvae were most abundant at Stns A, B, and 1, 2 and 5 and thus less numerous at the outermost stations. Large individuals of Aurelia aurita and Bolinopsis infundibulum were mainly recorded at the stations near the inner fish pen. Although our sampling was conducted on calm summer days, the prevailing wind conditions seemed to play a role in structuring jellyfish distribution, as stations sampled during southwesterly winds (1−4) differed significantly from stations sampled during northerly winds (5−8). The observed change in wind direction, however, coincided with a change of sampling location and thus the effect of wind direction may simply reflect that of location (Tables 1 & 4, Fig. 6 ). Aggregations of jellyfish due to certain wind conditions have been reported elsewhere, e.g. in Kaldfjord (Troms County), where a mass occurrence of Aurelia aurita caused salmon to escape from their enclosures (Nilsen 2011 Table 2 . Pelagic stages of gelatinous zooplankton found in Ryggefjord in summer 2015 (morphological identification). Note that Euphysa cf. aurata was subsequently identified as E. tentaculata through sequencing of the 16S rRNA gene (see Table 3 ), and may thus have been misidentified here. Dipleurosoma typicum was identified from photographs taken of surface samples under a microscope may play an important role in creating jellyfish hot spots. Although we were unable to follow the jellyfish community over an extended period of time, it is clear that changes in species composition and dominance occur on relatively short time scales (weeks): the hydrozoan Dipleurosoma typicum formed a dense bloom in late September, while it was not recorded at all in the assemblage 8 wk earlier (Table 2 ). The FVCOM model outputs (Fig. 3c,d) show typical temperature differences between July and September. These may play a significant role in the population dynamics of this species. For example, a minimum of 10°C is required for successful proliferation of the siphonophore Muggiaea atlantica in the English Channel (Blackett et al. 2015) , and Dipleurosoma bloom formation may be driven by a similar temperature threshold. A bloom of Rathkea octopunctata occurred in nearby Porsangerfjord (see Fig. 1a ) in August 2014 (Varela 2015) , while it was very rare in our samples, demonstrating the high spatial and temporal variability in jellyfish communities.
The molecular species identification generated 21 sequences for 7 taxa (Table 3 ). The species list presented here is nonetheless incomplete. Species identification of gelatinous zooplankton, and of juvenile individuals in particular, is challenging due to either a lack of developed features or morphological similarity between closely related species. For example, the difficulty of assigning the characteristic cydippidlike larvae is due to the few diagnostic features that distinguish species (Majaneva 2014) . For the hydromedusae, juvenile specimens morphologically identified as Euphysa aurata had a 100% molecular match with Euphysa tentaculata (with 0−1 bp difference) and were thus misidentified, but this falsepositive error does not preclude that E. aurata was also present. More supporting molecular evidence is needed to correctly relate larvae to adults, and thus identify larvae to the species level. Specimens of the genus Clytia included 2 species: C. gracilis and C. hemisphaerica (Table 3 ). The taxonomy of these Clytia species is currently unresolved, and both are likely part of a complex of cryptic species. A molecular identification of D. typicum is currently not feasible, since there are no existing published sequences available for comparison. Hydrozoanid polyps collected from the buoy showed a 100% match with Obelia longissima and a 99% match with O. geniculata, while only O. geni culata medusae were found in the water column. This may indicate that the 2 congeners have different phenology and produce medusae at different times, or according to differing comm.). In 2014, the salmon were lethargic, refused food and showed lesions on their gill covers, gill tissues and throats. Feed refusals may indicate that the fish tried to avoid the stings, and gill clogging was possibly also a problem. In 2015, in contrast, the clinical symptoms pointed to a tenacibaculosis (S. B. Småge et al. pers. comm.) . A severe mortality incident in 2002 in nearby Vinnalandet (Finnmark) was attributed to an outbreak of Apolemia uvaria (S. S. L. Olsen pers. comm.), which affected almost the entire coastline of Norway (Båmstedt et al. 1998 (Table 5 ). This colonial siphonophore was Table 4 . Canonical analysis of principal coordinates (CAP) of vertical net samples. m: no. of dimensions; n: no. of samples not present in our samples. The fish kills in the later years, in contrast, were associated with non-colonial hydrozoan blooms. We identified the culprit behind the harmful blooms in September 2012, 2014 and 2015 as Dipleurosoma typicum (Boeck, 1868 ) based on its morphological features including size, shape, Oppegård (2008) Hydrozoa Apolemia uvaria Holoplanktonic 1997 , 2001 , 2002 Vestlandet, Trøndelag, Finnmark, Norway Båmstedt et al. (1998 , Fosså (1998) , Fosså & Asplin (2002) , Rodger et al. (2011) , S. S. L. Olsen pers. comm.
Catablema vesicarium
Meroplanktonic 2002
Outer Hebrides, Scotland Purcell et al. (2007) Dipleurosoma typicum Meroplanktonic 2012 , 2014 Present study (Russell 1953 , Cornelius 1995 . The sources of the reported Apolemia and Dipleurosoma blooms in Ryggefjord may have been different: while Dipleurosoma may be of local origin, blooms of Muggiaea atlantica and Apolemia uvaria were advected to Norwegian coasts from further south (Båmstedt et al. 1998 , Fosså & Asplin 2002 . The presence of different life stages (polyps and medusae of cnidarians; larvae and adults of Beroe spp.; adult Bolinopsis sp. and cydippid larvae) suggests the presence of local populations that complete their entire life cycle within Ryggefjord. For example, Obelia longissima was recorded with both its pelagic (medusa) and benthic (polyp) stages in late July. In addition, many unidentified scyphistomatid and campanularid hydroids were observed on submersed structures of the fish farm in Ryggefjord during our study (Fig. 5e) . Many of these probably belong to the Clytia and Obelia species recorded in the water column, but Dipleurosoma/Cupsidella polyps may also be present. Their habitat has not yet been located, but their distribution -together with favorable environmental conditions -may play a crucial role in the formation of medusae blooms (Boero et al. 2008) . Increased availability of artificial substrates may boost populations of species with a benthic life stage such as D. typicum . A ~4-fold increase in the number of Aurelia aurita ephyrae was observed in a fishing port in Japan after a pier was built close by (Makabe et al. 2014 ). Aquaculture constructions themselves may in fact contribute to increased jellyfish numbers by providing substrate for their benthic stages, as well as restricting local water ex change (Lo et al. 2008 ). An in creased benthic sampling area and larger sample sizes would facilitate a more comprehensive mapping of resident populations with complete bentho-pelagic life cycles. Efforts to search for the origin of the medusae should be undertaken to be able to forecast their seasonal abundance and thus to provide specific recommendations for mitigation strategies to the aqua cul ture industry.
Muggiaea atlantica
In contrast, oceanographic modeling shows that strong advective inflow may represent an important transport pathway for blooms and may create differential stage dis tributions, depending on species-and stage-specific depth preferences. The FVCOM modeling showed that advection events usually bring in sub-surface waters on the western side of Ryggefjord, while the outflow occurs mainly at depth on the eastern side. The fish pens are located along the western shoreline, and are thus located in a main inflow area. This may increase their exposure to blooms that are advected into Ryggefjord with the currents. Combining jellyfish abundances, oceanographic model outputs forced with data from the same year, and particle tracking analyses may give valuable insights into small-and meso-scale jellyfish bloom movements on the Finnmark shelf and in the fjords. Early warning may be provided for these kinds of harmful blooms if they are observed upstream of areas with aquaculture operations with the help of fine-scale ocean current modeling (Fosså & Asplin 2002) .
The undesirable impacts of jellyfish on aquaculture have received less attention than im pacts on netbased fisheries, although reports exist from various locations around the world with several taxa reported to have caused problems, including blooms resulting in large losses of farmed fish (Table 5) . Such events are often only mentioned in the popular media, with few reports in the scientific literature (e.g. Fosså 1998 , Fosså & Asplin 2002 . Less severe incidents usually remain undocumented by authorities or scientists. Consequently, there is limited information on which species cause problems. The surprising find of a harmful D. typicum bloom at a northern Norwegian location demonstrates the lack of knowledge on the distribution of gelatinous zooplankton in Norwegian waters, particularly in the northern areas. Both fish kills and sublethal effects of jellyfish interactions with farmed fish can contribute to economic losses, e.g. through reduced growth due to stress or increased exposure to disease where jellyfish act as vectors (Delannoy et al. 2011) . Thus, understanding the extent of the problem as well as identifying key taxa responsible remains a challenge, if mitigation strategies are to be developed. New technologies may lead to the development of cost-effective warning systems. Moving fish cages to safer areas could be triggered by predictions of bloom movements from high-resolution oceanographic modeling in combination with particle tracking (Willis 2011).
We conclude that Ryggefjord is a dynamic fjord where both regional oceanographic conditions and the local setting drive the distribution and composition of the jellyfish community on short time scales, with species dominance shifting from ctenophores in early summer to hydrozoans in late summer/early autumn. Both taxa have been reported to cause problems for fisheries and/or aquaculture operations in northern Norway (Table 5) , and their monitoring and management is therefore advisable near aquaculture facilities. Different taxa dominated in different locations within the fjord, where advection events and wind conditions likely contribute to the spatial structuring of the jellyfish distribution. Local populations of hydrozoans, including Obelia spp., probably complete their life cycle in the fjord and use submerged artificial structures as substrate. This is the first account of D. typicum in an Arctic coastal system, and its interactions with farmed fish are currently unknown. To improve prediction capabilities for these different blooms, both the spatial and seasonal dynamics of species successions, and the po tential for oceanic advection to produce bloom-like aggregations of jellies, need to be studied in more detail. Better knowledge of the autecology of individual species, including depth ranges, thermal tolerances, reproductive optima and phenology, is required to understand bloom dynamics.
